Continuous voice recognition software or speech recognition software (also known as automatic speech recognition, computer speech recognition, speech to text, or just STT) converts spoken words into text. The term 'voice recognition' is used to refer to systems that must be trained to a particular speaker and are commonly used in healthcare settings to replace or improve the efficiency of medical transcribers (usually medical secretaries). Early systems required the speaker to pause between each word, were slow, and had limited vocabulary and high error rates. Recent advances in this field have generated newer systems that understand continuous speech, run on common personal computers and produce more accurate results.
1
Voice recognition systems comprise a microphone that converts speech to an analogue electrical signal, which is converted to a digital signal by an electronic circuit board within a computer. 2 Speech recognition engine software then uses acoustic, language and vocabulary models as well as complex statistical algorithms to transform the digital signal into words and punctuation marks. The acoustic model removes noise and unnecessary information such as changes in volume. The language model then analyses the content of the speech; it compares the combinations of phonemes with the words in its digital dictionary, a huge database of the most common words in the English language. Most of today's packages come with dictionaries containing about 150 000 words. The language model quickly decides which words were said and displays them on the screen. The commercial software package used for this study is widely used in UK healthcare within National Health Service (NHS) trusts and general practices to produce clinical correspondence using digital dictation and transcription (similar software packages are available in other countries). It includes a wide selection of medical terms and comes with a 'training wizard' which learns new words and also adapts itself to the voice of a new user. The software has wide applications in commercial settings, for example in automated telephone messaging services, which have a limited vocabulary for a wide range of users; other applications of voice recognition may have a large vocabulary trained to work best with a small number of users, such as in digital transcription services.
Voice recognition in healthcare
There is a huge pressure in healthcare settings to generate large amounts of documentation in a short time. The use of computerised voice recognition in medicine was first described in radiology in 1981. 3 In early studies the higher error rate of digital transcription when compared with traditional typing was highlighted. The main reasons for the high error rate then were the necessity to speak each word distinctly in a monotonous voice in order for the computer to recognise it. This also resulted in the doctor spending more time in correcting errors as they appeared on the screen in real time. Things have changed over the years in that newer software is able to recognise continuous speech, thereby eliminating the requirement to pause between Aims and method Voice recognition software is promoted to improve clinician efficiency and decrease overall costs. Our aim was to compare its efficiency against the traditional method of dictation and typing in an older people's community mental health team. We compared the time taken to dictate, edit and type letters, and the total number of days required to send them out after seeing the patient, using the two methods. We also correlated the time taken by one doctor to dictate and edit clinic letters with the actual days on which they were dictated.
Results The voice recognition system reduced the time taken to turn around clinic letters but at the cost of increased doctor's time being spent on dictating and editing the letters. We found no increase in efficiency with experience.
Clinical implications
The benefits of faster letter production may be outweighed by the effect of the extra time spent by clinicians to the detriment of their other commitments. The narrative form of psychiatry letters may make them less suited to computer transcription than those in other specialties. 4 Nevertheless, computer transcription still required more editing time on the part of the dictating clinician when compared with traditional typing methods. However, it was argued that computer transcription was cost-effective in that it minimised the need for employing human transcribers. Overall, it does seem to have had a positive impact in reducing report turnaround times in radiology departments; the study by Rana et al highlighted the reduced time taken to produce reports at the expense of increased editing time by the radiologist. 5 In contrast, in emergency departments voice recognition technology seemed to minimise the error rate in documentation at greater workloads when compared with handwritten documentation. 6 Concerns do exist that doctors, in assuming the role of transcriber, reduce their individual productivity by at least 25%. 7 Also, the system has been criticised for producing more errors when compared with a traditional dictation system and professional transcribers. 5 The use of voice recognition software to produce clinic letters is spreading slowly across other medical specialties. The obvious difference in documentation in psychiatry when compared with such specialties as radiology, pathology and emergency care, where often synoptic reporting (using a structured, preformatted presentation of clinical information) is applied within a set template, is that psychiatric letters frequently are descriptive and narrative, making correspondence a lengthy process. Therefore the inference from previous studies that have claimed increased efficiency in rapid turnover of letters using templates may not be applicable to psychiatric correspondence. Also, psychiatric letters being lengthier than dictation using standard templates may make them more prone to error, thereby increasing the editing time by clinicians. The fact remains, however, that producing psychiatric clinic letters needs to be faster and more cost-efficient. So far, no study has looked at the usefulness of voice recognition software in psychiatry in achieving this.
Declaration of interest
The objective of our study was to evaluate the efficiency of commercially available voice recognition software in generating psychiatric clinic letters when compared with the traditional dictation/typing method.
Method
The Huntingdon old age psychiatry team works mainly with out-patient clinics and on average 150 letters are typed and sent every month. The majority of these letters are dictated by doctors and the remainder by psychiatric nurses and mental health social workers. All clinicians use the generic template which is adapted for the care programme approach used in all assessments and reviews of patients.
Training in software use
Two doctors -a medical consultant and a specialist registrar -participated in the trial. The voice recognition software tested was designed for use in professional and healthcare organisations where dictation is used for document production. The doctors were given a 1 h orientating lecture on the features of the software program (Dragon Naturally Speaking, with a psychiatric lexicon), as well as an opportunity to examine the instruction manual provided by the software developer. They were then given a brief, personalised training session on use of the headset microphone and the relevant software. This helped in training the personal computer (Pentium 4, 256 MB, Dell, www.dell.com) in the phraseology and intonation of each doctor. The software incorporated the dictation into Microsoft Word, Office 2003 on a Windows XP platform. This is the standard software used predominantly in most computers within NHS settings.
Voice recognition procedure
When the doctor speaks into the microphone the dictation appears as a Word document, which the speaker then corrects for any errors. At the same time the computer is trained to recognise certain recurring words and phrases. The doctor then emails the corrected text to the administrative assistant using Microsoft Outlook. The assistant again edits and pastes the text so that it fits the electronic template used for all medical correspondence within the trust. The letter is then available on the electronic medical record (clinical document library, known as the CDL) throughout the trust hospitals, and the paper copy is posted to the people concerned on the same day.
Dictation and typing procedure
In the conventional dictation process, letters are dictated into a handheld, portable dictating machine using microformat tapes. An experienced medical transcriber types the dictation onto the medical template used for all correspondence. This is emailed to the doctor, who corrects it and emails it back to the administrative staff, who then make it available on the electronic medical record. The paper copy is posted to the people concerned on the same day.
Comparison
We compared 47 letters prepared using the dictation method in February and March 2011 against 63 letters prepared by voice recognition technology during March, April and May 2011. The letters were of various lengths, pertaining to the assessment needs of individual patients, and were dictated on random days. This, we believe, simulates the real-life situation that one might expect in common clinical settings. We analysed the total time, average dictation time and correction time required to produce one letter by each method. The doctors timed the steps in each process with a built-in computer clock, rounding to the nearest minute. The administrative staff timed the typing and editing time, also using a built-in computer clock. Results were entered into a Microsoft Excel spreadsheet. Means and standard deviations were calculated using Excel; the Mann-Whitney U-test was used to compare the respective medians in the two groups using SPSS version 16.0 on Windows XP. We used non-parametric testing because the data were not normally distributed and had a high variance.
Results
Forty-seven letters produced by the traditional dictation method were compared with 62 letters using voice recognition software (dictated during April 2011 by the consultant and during March, April and May 2011 by the registrar). The average time taken for each step of the dictation/typing process and the average total time required for each letter are shown in Table 1 . The typing was done by the administrative staff and the doctor edited the letter presented to him in paper format. The average total time for each letter is a representation of combined time spent by the doctor and the administrator. The average time taken for the voice recognition software dictation process and the average total time spent on each letter are shown in Table 2 . In contrast to Table 1 , there are two editing times: one taken by the doctor in real time as the spoken words appear on the computer as text, and the editing time by the administrator who makes any additional corrections and adjusts the text to the template. The average time taken to send a clinic letter from the day the patient was seen was shorter using the voice recognition technology than using the dictation/ typing method.
The time required (in days) to send the letter out after seeing the patient and the total amount of time spent on each letter using the dictation/typing method were compared with the times using the voice recognition software with the Mann-Whitney U-test (Table 3) . We used data collected from the letters dictated by both consultant and specialist registrar for this purpose. The null hypothesis was that there was no significant difference in the total days to send the letter and the total time spent on each letter between the two methods. The test determined that there was a statistically significant difference between the two groups to a level of P 4 0.001. To investigate possible improvements with experience using voice recognition technology, we analysed data for letters dictated by the registrar only, as he had used the system for 3 months, whereas the consultant used it for only a month (he had to discontinue as there was a service reorganisation in the interim). Therefore, the time taken by the registrar to dictate and edit the clinic letters using the voice recognition technology was plotted against the actual days of dictation to see whether any correlation existed between the time taken per letter and the day on which it was dictated (Fig. 1) . We assumed that there would be a reduction in time taken to produce a letter during the later days, as a result of learning to use the software and with experience gained over the months. The scatter plot shows that the values are widely distributed around the trend line, demonstrating no real correlation between the time taken to dictate and edit the letter and the day in which it was done. However, the average times taken by the doctor to dictate and edit one letter were 28.43 min, 22.95 min and 16.2 min in March, April and May respectively. We feel that if the study was to be continued we might see a statistically significant correlation between the time taken to produce letters with voice recognition method and the number of days gone by.
Discussion
Computerised voice recognition technologies over the years have become more powerful and widely used in various healthcare specialties. Although several studies have explored the use of this technology in various medical fields, none studied its use in psychiatry. In previous studies the major reported benefit of this technology was the decrease in turnaround time of clinical correspondence and reports. [8] [9] [10] [11] This result was replicated in our study, in that there was a significant reduction in the average time taken to send out clinic letters. This resulted in better overall satisfaction among clinicians and administrative staff. Quicker turnaround time for letters also meant that general practitioners were informed of the care plan sooner, thereby enhancing overall patient care. Correction of the reports by the clinician immediately after dictation is another advantage over human transcription, where the letter is not available for editing for some days. 8 It is reasonable to believe that immediate real-time editing should reduce errors such as medication dose errors, compared with editing several days after dictating the letter.
Some studies have reported improved efficiency in using voice recognition if English was the first language of the user, with use of a pre-programmed template and with increased experience with voice recognition. 12 Both the doctors who participated in our study had English as their first language and so the data were not compared between them. The doctors also used a common format to dictate letters, with subheadings such as 'diagnosis', 'presenting complaint', 'past history' and 'medications'. In this study we did not have provisions to incorporate the CDL template in the voice recognition software and we recommend this should be considered in future in order to improve the efficacy of voice recognition. However, the use of standardised templates seems beneficial when there are frequently repeated words and phrases, as occurs in radiology and pathology departments. Whether such templates would be useful in psychiatry, where letters are narrative and subject to individual variation, is the milliondollar question. Also, due to lack of literature in this area, it remains unclear whether use of such standardised templates in psychiatry is a more efficient way of producing clinic letters with the conventional dictation/typing methods. More evidence is needed to weigh the benefit of such suggestions.
The average time taken by the specialist registrar to dictate and edit one letter using the voice recognition technology was found to decrease with increasing experience; however, this reduction did not seem significant on the scatter plot, possibly owing to the variable complexity and length of individual letters in psychiatry in comparison with previous studies that have shown such an improvement in efficiency with experience. 12 Again, such studies are about letters that follow a consistent set template. We were unable to compare the data between the registrar and the consultant for the reasons stated above, but the general consensus among the doctors was that the more experienced the doctor was at dictating using a conventional dictaphone, the easier it was to adapt to the voice recognition technology. Also, a standard template might be useful in minimising potential differences in the dictations produced by junior and senior doctors. We suggest that future studies consider this fact and any comparison among doctors at various levels of training would prove beneficial.
Disadvantages
The major disadvantage in using the voice recognition technology as shown in this and previous studies is the increased burden of editing time on users. In our study the total time spent on each letter by both doctor and administrator was significantly higher for computer transcription in comparison with human transcription. This could be due to reported lower accuracy rates for the former when compared with the latter. 4, 13 Lower accuracy rates entail added editing time to correct the errors. Pezzullo et al found that 90% of all voice recognition dictations contained errors prior to sign-off, whereas only 10% of transcribed reports contained errors. 14 We found that the doctors on average spent an additional 6.4 min per letter using voice recognition compared with dictation/ typing, whereas the administrative staff spent on average 0.2 min less using voice recognition than dictation/typing. This places a considerable burden on the doctors while at the same time not being very advantageous in saving the secretary's time. It is concerning that the extra time spent on editing the letters might compromise other commitments that doctors have, such as research, teaching and patient care. The extra time spent by the doctors on each letter, if extrapolated to the whole year, based on the average number of letters dictated per year, adds significantly to the cost of setting up and maintaining the software. Any savings made using the voice recognition technology would be undermined by the lost productivity of the doctors. Such findings of increased aggregate costs using voice recognition software have been reported in previous studies.
14 Perhaps a blended system whereby an experienced transcriber corrects a dictation originally transcribed by the software might prove a solution to this.
The secretary, apart from transcribing, also performs high-level functions such as formatting and grammar checks, which the computer transcription does not do efficiently. 13 This is particularly relevant in psychiatry owing to the free text style of the letters, in contrast to synoptic reporting where the new technology has proved beneficial. Individual variations among users may influence the accuracy of the computer transcription, which may be reduced when used by people with speech problems such as stammering, and also some individuals might find it easier to detect errors on paper than on the computer screen. This means users might have to formulate their entire report before beginning to speak, rather than 'speaking while thinking', which partly explains the longer time taken to dictate using voice recognition.
The strength of the study is that it replicated real-life practice by including more than one person who dictated letters just as in the routine clinical settings. The limitation of the study is that both doctors spoke English as their native language and had no speech difficulties. An evaluation of a wide range of speakers would have been more meaningful and this provides scope for future studies.
Future directions
Although voice recognition software has technically advanced over the years, it is used with benefit in few medical specialties. It is definitely advantageous in reducing the turnaround time of the clinical correspondence and reports, but at the cost of increasing the editing time by clinicians. The main reason for the increased time taken could be the reported high error rate in computer transcription. Although voice recognition technology is meant to represent a cost-effective way of replacing traditional transcribers, the additional medical time in editing the dictation might minimise any savings in costs. Some studies have reported improved efficiency of the voice recognition software with experience, but this was not reflected in our study. Computer transcription is said to be more efficient when used in conjunction with pre-programmed templates, the use of which is yet to be evaluated in psychiatry. As the system is a form of artificial intelligence which learns from repetitive words and phrases, it might not be as useful in psychiatry (where letters are narrative) as in radiology or pathology (where letters are predominantly synoptic). We recommend future studies to evaluate the benefits of digital dictation and computer transcription to improve the efficiency in clinical correspondence. Such studies will be of value if factors such as first language of the speaker and level of training are taken into account, and if they evaluate the role of a template incorporated in the voice recognition software.
